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TESTS  OF  AN  ANTIVORTEX  WALL 

FOR  A  RECTANGULAR  DROP  INLET 

TO  A  CLOSED  CONDUIT  SPILLWAY1 


Charles  A.  Donnelly 

Experiments  were  performed  to  determine  the  size  and  position  of  an  antivortex 
wall  for  the  drop  inlet  shown  in  figure  1.  The  drop  inlets  tested  were  rectangular 
in  plan.  They  were  ID  wide;  1.5D,  2D,  3D,  and  5 D  long;  4 D  and  5 D  deep;  and 
0.222  D  thick  at  the  crest.  (D  is  the  barrel  diameter.)  The  barrel  entrance  was 
square-edged.  The  2. 25-inch- inside-diameter,  clear  plastic  barrel  was  on  a  20- 
percent  slope.  The  tests  were  performed  using  the  apparatus  described  in  "Hydraulics 
of  Closed  Conduit  Spillways.  Part  X.  The  Hood  Inlet."3 

The  variables  tested  and  a  summary  of  the  test  results  are  given  in  table  1. 
A  poor  performance  rating  indicates  that  strong  vortices  sucked  in  air,  causing 
variations  in  the  spillway  discharge  and  fluctuation  in  the  headpool  water  level. 
A  fair-to-good  rating  means  that  small  vortices  formed  and  sucked  in  a  small  amount 
of  air  but  the  head- discharge  curve  was  not  affected.  A  good  rating  indicates  that 
the  vortices,  in  most  cases,  remained  on  the  water  surface  and  that  there  was  no 
fluctuation  in  either  the  discharge  or  the  headpool  level. 
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Comments  on  the  performance  of  the  antivortex  walls  are  given  in  the  following 
paragraphs. 

When  the  drop  inlet  was  4D  deep,  orifice  flow  at  the  barrel  entrance  occurred 
for  some  of  the  tests.  The  undesirable  orifice  flow  did  not  occur  when  the  drop 
inlet  was  5D  deep.  This  verified  the  results  of  previous  experiments  on  the  square 
drop  inlets  which  showed  that,  to  insure  priming,  the  drop  inlet  must  be  at  least  5D 
deep  when  the  barrel  entrance  is  square-edged.  ^ 

Two  different  approach  conditions  were  used  for  the  3-D-long  drop  inlet. 
One  condition  had  a  false  floor  at  crest  elevation  and  a  l-on-2  dike  slope  beginning 
at  the  downstream  end  of  the  crest.  For  the  second  condition,  which  was  used  for 
most  of  the  experiments,  the  approach  floor  elevation  was  below  the  bottom  of  the 
drop  inlet  so  that  the  approach  channel  was  deep.  The  data  plotted  in  figures  2  and 
3  show  that  the  approach  condition  has  no  effect  on  the  vortices. 

Tests  were  run  without  an  antivortex  wall  for  drop  inlet  lengths  of  2D  (series 
S-16)  and  3D  (series  S-ll).  The  data  are  plotted  in  figures  3  and  4.  The  scatter  of 
the  plotted  data  shows  that  an  unpredictable  head-discharge  relationship  existed 
when  the  barrel  was  full.  This  was  due  to  the  strong  vortex  action,  which  sucked  in 
a  considerable  amount  of  air.  The  strong  vortices  continued  for  a  long  period  of 
time.  These  findings  coincide  with  unpublished  data  obtained  by  H.  W.  Humphreys 
at  the  Illinois  State  Water  Survey  Division. 

The  antivortex  walls  tested  were  ID,  1.5 D,  and  2 D  high  and  rectangular  in 
shape  when  viewed  from  the  side.  They  were  0.111  D  thick.  In  all  cases  the  antivortex 
wall  extended  a  distance  of  0.5 D  beyond  the  outside  edge  of  the  drop  inlet  wall.  The 
transverse  antivortex  walls  were  placed  over  the  downstream  end  wall,  at  the  mid- 
length  of  the  drop  inlet  and  at  a  point  one-third  the  distance  of  the  drop  inlet  length 
from  the  downstream  end.  The  splitter-type  antivortex  walls  were  placed  on  the 
longitudinal  centerline  of  the  drop  inlet  (fig.  1). 

The  performance  of  the  transverse  antivortex  wall  placed  over  the  downstream 
end  wall  was  poor  for  drop  inlet  lengths  of  1.5 D  (series  S-26,  fig.  6),  2D  (series 
S-19,  fig.  4),  and  3D  (series  S-7,  fig.  2).  Strong  vortices  formed  and  sucked  in  a 
considerable  amount  of  air  causing  an  unpredictable  head-discharge  relationship. 
The  transverse  downstream  end  wall  for  the  5-D-long  drop  inlet  (series  S-22, 
fig.  5)  was  given  a  fair-to-good  performance  rating.  The  vortices  that  formed  were 
small  and  so  little  air  was  sucked  in  that  it  did  not  affect  the  head-discharge  curve. 

Small  vortices  formed  and  sucked  in  a  small  amount  of  air  but  the  head-discharge 
curve  was  not  affected  when  the  transverse  wall  was  placed  at  the  mid-length  of  the 
1.5-D-  and  5-D-long  drop  inlets  (fig.  6,  series  S-27;  and  fig.  5,  series  S-23).  Strong 
vortices  formed  downstream  from  the  antivortex  wall  for  the  2-D  and  3-D  drop 
inlet  lengths.  The  data  for  these  latter  series  do  not  plot  on  the  head-discharge 
curve  (fig.  4,  series  S-17;  and  fig.  2,  series  S-8).- 
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When  there  was  no  anti vortex  wall,  the  vortex  core  was  located  at  a  point  about 
one-third  of  the  drop  inlet  length  from  the  downstream  end.  This  was  found  to  be 
the  most  effective  location  of  the  antivortex  wall.  The  vortices  were  small  and 
sucked  in  only  small  amounts  of  air  when  the  transverse  wall  was  placed  at  a  point 
one-third  of  the  drop  inlet  length  from  the  downstream  end.  Several  vortices  looked 
strong  and  the  air  being  sucked  in  was  audible,  but  the  vortices  did  not  admit 
enough  air  to  affect  the  head-discharge  curve.  In  order  to  reduce  the  noise  and  the 
visibly  strong  vortices,  the  transverse  antivortex  wall  was  raised  from  ID  (series 
S-13)  to  1.5D  (series  S-15)  and  2  D  (series S-14).  Only  surface  vortices  were  present 
until  the  antivortex  wall  became  submerged.  After  the  wall  was  submerged,  vortices 
formed  and  admitted  small  amounts  of  air  for  short  periods  of  time  but  the  head- 
discharge  curve  was  not  affected.  The  2-D-high  wall  gives  the  best  results,  the 
1.5-D-high  wall  is  next  best,  and  the  1-D-highwall  can  be  used  but  is  less  desirable. 

The  antivortex  wall  located  on  the  longitudinal  center  line  gave  the  best  results. 
The  vortices  that  formed  were  on  the  surface,  no  air  was  sucked  in,  and  the  vortices 
had  no  effect  on  the  head-discharge  curve.  Very  little  circulation  occurred  around 
the  downstream  end  of  the  inlet.  (Compare  fig.  2,  series  S-9;  fig.  4,  series  S-20; 
fig.  5,  series  S-25;  and  fig.  6,  series  29.) 

The  antivortex  wall  placed  on  the  longitudinal  center  line  gives  the  best  vortex 
control.  The  antivortex  wall  placed  transverse  to  the  longitudinal  centerline  at 
one-third  the  drop  inlet  length  from  its  downstream  end  gives  the  next  best  vortex 
control.  The  transverse  antivortex  -walls  located  at  the  mid-length  of  the  drop  inlet 
and  over  the  downstream  end  wall  are  not  recommended. 

The  2-D-high  transverse  antivortex  wall  gives  the  best  vortex  control.  The 
1.5-D-high  wall  is  next  best.  The  1-D-high  wall  can  be  used  but  is  less  desirable 
because  the  vortices  form  at  a  lower  head.  The  longitudinal  antivortex  wall  needs 
to  be  only  ID  high. 


TABLE  1. — Variables  tested  and  test  results 


Series 

Drop  inlet 

Antivortex  wall 

Depth 

Length 

Location 

Height 

Performance 

S-7 

4.0  D 

3.0D 

Transverse,  downstream  end 

1.0D 

Poor 

S-8 

4.0  D 

3.0D 

Transverse,  centerline 

1.0D 

Poor 

S-9 

4.0  D 

3.0D 

Longitudinal,  centerline 

1.0D 

Good 

S-10 

4.0  D 

3.0D 

Transverse,  1/3  point 

1.0D 

Good 

S-ll* 

4.0  D 

3.0D 

None 

Poor 

S-12* 

4.0D 

3.0D 

Transverse,  downstream  end 

1.0D 

Poor 

S-13* 

4.0  D 

3.0D 

Transverse,  1/3  point 

1.0D 

Good 

S-14* 

4.0  D 

3.0D 

Transverse,  1/3  point 

2.0D 

Good 

S-15* 

4.0D 

3.0D 

Transverse,  1/3  point 

1.5D 

Good 

S-16 

4.0  D 

2.0D 

None 

Poor 

S-17 

4.0D 

2.0D 

Transverse,  centerline 

1.0D 

Poor 

S-18 

4.0  D 

2.0D 

Transverse,  1/3  point 

1.0D 

Good 

S-19 

4.0  D 

2.0D 

Transverse,  downstream  end 

1.0D 

Poor 

S-20 

5.0D 

2.0D 

Longitudinal,  centerline 

1.0D 

Good 

S-21 

5.0D 

2.0D 

Transverse,  1/3  point 

1.0D 

Good 

S-22 

5.0D 

5.0D 

Transverse,  downstream  end 

1.5D 

Fair  to  Good 

S-23 

5.0D 

5.0D 

Transverse,  centerline 

1.5D 

Fair  to  Good 

S-24 

5.0D 

5.0D 

Transverse,  1/3  point 

1.5D 

Good 

S-25 

5.0D 

5.0D 

Longitudinal,  centerline 

1.0D 

Good 

S-26 

5.0D 

1.5D 

Transverse,  downstream  end 

1.5D 

Poor 

S-27 

5.0D 

1.5D 

Transverse,  centerline 

1.5D 

Good 

S-28 

5.0D 

1.5D 

Transverse,  1/3  point 

1.5D 

Good 

S-29 

5.0D 

1.5D 

Longitudinal,  centerline 

1.0D 

Good 

*    Floor  in  approach  channel  at  crest  elevation. 
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Figure  1. — Test  locations  for  antivortex  wall. 
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SERIES         SYMBOL       ANTIVORTEX     WALL    LOCATION 


X  Transverse,    downstream    end 

O  Transverse,    centerline 

A  Longitudinal,   centerline 

G  Transverse,    one-third  point 
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Discharge,  Q/D3/2 

Figure  2. — Head-discharge  curve  for  closed  conduit  spillway 

with  rectangular  drop  inlet  3D  long,  1  D  wide,  4D  deep, 

1  D  antivortex  wall  height,  and  deep  approach  channel. 
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SERIES      SYMBOL      ANTIVORTEX  WALL  LOCATION 
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Figure  3. — Head-discharge  curve  for  closed  conduit  spillway 

with  rectangular  drop  inlet  3D  long,  1  D  wide,  4D  deep, 

and  approach  floor  at  crest  elevation. 
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SERIES  SYMBOL  ANTIVORTEX   WALL  LOCATION 

S-16  +  None 

S~  17  O  Tronsverse,    cenferline 

S- 18  C                Tronsverse,  one-third  point 

S-19  X  Transverse,    downstream    end 

S-20  A                Longifudinol,    cenferline 

S-21  C                Transverse,    one-third  point 
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Figure  40 — Head-discharge  curve  for  closed  conduit  spillway 
with  rectangular  drop  inlet  2D   long,  1  D  wide,  1  D  anti- 
vortex  wall  height,  and  deep  approach  channel „ 
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Figure  5. — Head-discharge  curve  for  closed  conduit  spillway 

with  rectangular  drop  inlet  5D  long,  1  D  wide,  5D  deep, 

and  deep  approach  channel. 
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Figure  6. — Head-discharge  curve  for  closed  conduit  spillway 

with  rectangular  drop  inlet  1„5D  long,  1  D  wide,  5D  deep, 

and  deep  approach  channel. 
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